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PIRCIPION OF WLITARY (VINT PATIERNS N A TEO-ALTINATIVE
PRIOICTION TASC
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e condurted to detormne how recogrilion of patterns of miiitery events is offectied by
he lom (seguence of events) . sUengh (prebebility of eccurrencel ond comtinwty of
ovenl pattern. and by 10 smou of eperionce the individus! hes had with the perticuler
patiern

Procedure

Sequences of events representing eight petterns (form), high and low pettemn
strength, continuous vs discrete occurrence, and experience from one to ten 100-trisl
periods were presented on 8 CAT screen in systematic design 10 48 enlisted men. The
onlisted men indicated which of two enemy activities (attack or rest) wes likely %
follow esch two-event clue. Results in the form of prediction of the most frequently
occurring third event in 8 sequence and confidence (high or low) expressed in the
decision were subjected to analysis of variance.

Findings:

Given a pattern of events occurring with sufficient frequency (80% of the time) and
sufficient experience with the patterns on the part of the decision maker, the men
learned to predict the third event in a sequence as often as it occurred. However, when
the pattern occurred less frequently (68% of the time), the men recognized only one of
four critical patterns.

Subjects’ confidence in their predictions increased as their experience with the

task increased. Confidence was affected by pattern form jin-thet-subjecte—contidenee-in
WWWWMW”W

than-fos-the-othese. Confidence was not affected by pattern strength nor continuity.

Application of Findings:

= Activity patterns of an enemy may be the most tangible cues to his plans, and
recognition of these patterns may be critical to successful military operations. The
present experiment has set tentative limits on the event pattems men can learn to
recognize to a useful extent. A computer may be a useful aid in detecting weak but
significant patterns in an apparently random set of enemy actions.
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PERCEPTION OF WILITARY EVENT PATIENNS IN A TWO-ALTEANATIVE PREOICTION TASK

Future sutomated data processing systems promise improved accucacy,
completeness, and speed of (nformstion processing. These systems may
also be capadle of limited data eveluation for decision making. Such a
system has been proposed by Bdwards (1). 1In the automsted system, each
nev item of information {s evaluated and entered into & prodadilistic
information processing system vhich updates the current diagnosis on the
basis of the new {nformastion. Since system {nputs originate from many
men, sources, and locations, each item {s likely to be evaluated inde-
pendently as it enters the system. Frequently, however, the interrela-
tionships of items of information may add diagnostic value beyond that
obtained by separate and successive evaluations of individual {tems.
For example, consider two items, an intelligence report of a massive
increase in the number of enemy troops participating in military exer-
cises, and domestic news of the assassination of a president.

Each of these events may have one meaning if they occur separately.
Their joint occurrence may be a strong indicator of enemy aggression.
Since the two events have been reported from different sources, they may
be evaluated separately by an automated information processing system.
The commander, however, may well interpret the joint occurrence of these
events as a pattern leading toward aggression. He may "perceive' a
threat and conclude that the enemy is about to attack.

Needless to say, this ability requires experience in observing the
activities of the particular enemy under consideration. As a commander
or decision maker gains this experience, he renders more accurate judg-
ments concerning present and future enemy activities. In a more analyt-
ical manner of speaking, he is learning which aspects of the enemy's
activities are relevant cues in predicting future enemy events and which
are not. By learning which cues are associated with which outcomes, the
commander is learning the enemy activity patterns.

A well-known probability learning paradigm, which has served as a
useful vehicle for investigating many facets of human learning, requires
the subject to predict in a series of trials which of two lights will
come on. While his first prediction can be little more than a guess,
succeeding choices can benefit from knowledge acquired through observa-
tion of earlier outcomes. Thus, his second prediction is made in light
of what happened on the first, his third in light of the first two, and
so on. The second and subsequent predictions, then, may reflect his
perception of one or more cues which are present within the experimental
environment. A cue may be defined as any stimulus or set of stimuli
which is correlated with the occurrence of an event (e.g., one of the
lights). Thus, any cue affords the subject the opportunity to improve
his prediction accuracy.




The present investigation concerns the learning of event structure,
that {s, the orderly occurrence of events within the environment, and
the cues the structure affords. A marginal cue is an event in a series
of events vhich occurs more frequently than any oiher event in that
serfes. A first-order cue is an event whose occurrence signals what the
next event will be. For example, the sight of a lightning flash s a
cue which signals the sound of thunder. A second-order cue is a pair of
events whose occurrence signals the event which is to follow. In base-
ball, 1f the first two pitches to a batter are strikes, the next pitch
is usually a ball.

Of course, the cues observed in nature and man are not always reli-
able. The sound of thunder from distant lightning flashes is not always
heard. A ball does not always follow two strikes. However, as long as
sound follows lightning more often than silence follows, and as long as
a ball follrws two strikes more often than a third strike, the cues are
valid.

Previous probability learning experiments have investigated man's
ability to respond to various classes of cues (marginal, first-order,
second-order) of varying strength. The results of these studies show
that subjects are capable of learning marginal cues, as evidenced by the
fact that their response frequencies generally match the relative fre-
quency of the respective events over trials. For a review, see Luce and
Suppes (2). Subjects also match or exceed matching (overshoot) events
signaled by first-order cues (3) (4) (5) (6). There has been little
research concerning second-order cue learning and the findings are not
straightforward. Data from Bennett, Fitts, and Noble (7) suggest that
in a five-event environment (the occurrence of one of five lights),
subjects are unable to learn second-order cues. In a two-event environ-
ment (the occurrence of a left or right light, L or R), Strub and
Erickson (8) found that subjects did learn certain highly structured
second-order cues. Subjects tended to match their response frequencies
to all second-order events when conditional probability was set at .92
(a value indicating the probability of the occurrence of an event, given
the occurrence of the two preceding events). When it was set at only
.72, however, subjects seemed to take the specific form of each second-
order event pattern into account. The four more frequent patterns were
obtained by combining all possible second-order cues (L-R pairs) with an
L or R third event as follows: LLL, RLR, LRR, and RRL. At the .72
level, subjects overshot LLL, matched RLR and LRR, but did not learn
RRL at all.

In a frontless war such as that being fought in Vietnam, the
activity patterns of a local enemy may be the most important clues to
his position and intention. Therefore, the timely recognition of these
patterns can be critical to successful military operations.




OBJECTIVES OF THE PRESENT STUDY

Since very little is known concerning military pattern perception,
research at a relatively basic level 1is needed to answer some fundamental
questions. The present study addressed itself to the following questions:
First, does the form of the pattern affect the subject's perception of 1it?
For example, if an enemy pursues a course of repeated attacks after rest-
ing two days (where each day's activity, rest or attack, constitutes an
event), a second-order pattern of the form rest-rest-attack would be ex-
hibited. 1Is this form any more or less difficult to recognize than other
forms such as attack-attack-attack, attack-rest-rest, or rest-attack-rest?
A second question concerned the range of pattern strength vithin which
patterns are recognized. Assuming subjects can recognize s_cond-order
patterns of 92% strength (8), can they also recognize them at 80%, are
any patterns recognizable at 68%? Third, does continuity affect second-
order pattern learning? Is it more difficult to discover second-order
patterns in a continuous flow of events than in discrete second-order
pattern units? Fourth, to what extent does experience, the repeated ex-
posure to the patterns, enable the subject to perceive the relevant
second-order patterns? Finally, does the answer to any one of the above
questions depend on the answer to another, that is, are there significant
interactions among the independent variables under investigation in the
present study?

In summary, the objectives of the present study were as follows:

1. To determine the effect of different forms of second-order
patterns on pattern recognition.

2. To determine the effect of second-order pattern strength on
second-order pattern recognition.

3. To determine if continuity affects second-order pattern
recognition.

4, To determine the effect of experience, i.e., the extent to which
second-order pattern learning occurs over periods within the experiment.

5. To assess any interactions among two or more of the above vari-
ables (form, strength, continuity, and experience).

METHOD

Subjects

Forty-eight enlisted men from Ft. Belvoir, Virginia served as sub-
jects, All had GT scores of 110 or above. Many had served one year in
Vietnam. Average length of service was estimated to be 13 months. .




Apparatus and Stimuli

Six cathode ray tubes (CRT's) were usec in the present study. Each

CRT consisted of a vertically mounted television-like screen on which
stimulus material was displayed and a horizontally mounted typewriter
keyboard at the base of the screen on which the subject typed his re-
sponses. Each CRT screen was positioned at eye level. The CRT was
linked to a computer which was programmed to generate separate event
schedules for each subject prior to each session and to coordinate the
simultaneous use by six subjects.

Event sequences were prepared as follows. The computer selected
events without replacement from a 100-event population in order to insure
that the exact probability specifications were realized after every 100
event3. The specific order of the stimulus events for each subject was
determined randomly at the start of each experimental session. Thus,
while event sequences for subjects in each group contained the same con-
ditional probabilities, the exact ordering of events from alternative to
alternative was different for each subject.

Procedure

Six subjects worked individually during each experimental session.
Prior to the first session, they were briefed concerning the general
nature of the experiment 'decision making'. They vere also told not to
disci.ss the experiment among themselves until its conclusion. Each man
vas then assigned a CRT and each received the following instructions on
his screen:

This ts an experiment in basic military decision making.
Your task vill be to decide which of tvo activities will
occur, thai is, to predict wvhether enesy X (s going Lo
1Y attack or ') rest. You indicate your decision by
pressing a | or 7 on your keyboard and then pressing the
"send” button. Next you will (mdicate your confidence by
pressing and “sending” | (€ you thirk you have better
than & "0« chance of being correct, or 2 if your deci-
sion vas, quite frankly, a guess. Next, you will be in-
forned as to vhich of the two activities did, Iin fact,
occur. The next push of the “esend™ butten will start a
nev decision situation. Fellow this same procedure for
the second and sudbsequent decisions.

Each sub joct sarved (n tvo experinental sessions, morning and after-
noon, ELach session consisted of five Y ' echuice periods with a 10-ninste
Meak detuween pericds, mainly to relieve eye strain produced by the con-
tiswous viewing of the display. Cach sud ject warbed at his ovn pace and
bept trach of his owm break tine. The morning session eastended from
appronimately O te 1%, the afterrcon session from | ‘00 te 15 At
the conclusion of the evperinent, sut jecte vere debriefled concermning the
pirpose of the evperineat (in vhich they had participated,

o 4§ o




Independent Variables

Form. The first independent variable was the form of the second-
order pattern. Table 1 illustrates the eight possible second-order
pattern forms. Event sequences were constructed such that the forms
AAA, RAR, ARR, and RRA occurred more frequently than AAR, RAA, ARA, and
RRR (A = attack; R = rest).

Strength. The second independent variable was the strength ( fre-
quency of occurrence) of the second-order pattern. Two strengths were
employed, .68 and .50. These percentages represent the second-order con-
ditional probability of occurrence of the second-order patterns. [Under
high strength, given that the last two events were A, a third A would
follow 20 of 25 times (50%), while R would follow 5 of 25 times (20%).
Thus, the second-order conditional probability of AAA and AAR was .80
and .27, respectively.] Table 1 indicates the structure of the second-
order patterns in terms of both frequency of occurrence and conditional
probability for high and low strength.

Table 1

FREQUENCY AND CONDITIONAL PROBABILITY STRUCTURE
FOR EACH 120-TRIAL EVENT SEQUENCE

Conditional

Form Frequency Probadility
JeDays Yesterday Today Strength Strength
Ago High Lowv High Low
A ttack’ A 'y 17 ’ o€
A A R oeat' .
. N . ) . [
] n » -
i " . . é
L 1] . .
| L A )
(] 1] " ¢




Continuity. The third independent variable was the amount of day-to-
day continuity. For the continuous case, events occurred consecutively
over 100 days; thus, the event which was displayed as having occurred
yesterday was the correct event on the preceding trial. In the discrete
case, reports of the previous day's activities did not follow a temporal
order beyond three days; the subject was simply shown the reports for the
past two days and requested to choose the next event. A fresh set of
reports for the past two days was then presented.

Experience. The fourth independent variable was experience, which
consisted of ten 100-trial periods.

Dependent Varisbles

1. Prediction--The proportion of times the subject chose the more
frequently occurring patterns. If a and r are choices, the choice score
equals AAa + RAr + ARr + RRa/100.

2. Confidence--The proportion of times the subject indicated high
as opposed to low confidence. If "h" {s high confidence, the confidence
score equals AAh + RAh + ARh + RRh/100.

Design

Table 7 illustrates the experimental design. Pettern strength and
pattern continuity, the two veriables administered at two levels, vere
between-subject variables vith 12 subjects vithin each of the four re-
sulting experimental groups. Pattern forwm and experience were vithin-
subject variadles, each subject receiving all four pattern types and
serving in all ten periods,

MRS

Prmdtn Dot

An amalysis of varionce on the prefdiction data vas perforned anl o
summary of that amsiysie appeare in Toble . While significent main
effects of forn, stremgth, contimuity, oml evperionce provide inforvation
relevant to the firet fowr objoctives of the otuly, the inplications of
each of these effeocts are linited bocanee each (nteracted oignificanmtly
vith at least ene other effect. Thus, the fifth ebjective of assossing
interactions anoeg the variables muetl b comeidered Inportant (o view of
the significeat (mteractions (m the analysis shovm (a Table *.
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Table 3

ANALYSIS OF VARIANCE SUMMARY TABLE ON PREDICTION DATA

Source 14 MS 1 4 P
Betveen Subjects (47)
Strength (8) 1 f044.218 24.1% 001
Continuity (C) 1 746.408 4.02 .09
$xC 1 470.092 1.9
gov/sC “ 2%%.672
Within Subjects (1872)
Porm (7) 3 08,420 10.03 001
rxs 3 9%8.6% 1.8¢
rx¢C s 1%1%.612 e %8 01
FxsSxC 5 72%.890 2.42 .10
7 x Sov/sC 1% %0 .086
Experience () 9 156 .20¢ 12.79 001
Exs ’ R.%%7 €.°4 001
ZxC 9 ‘00’3
ZasSacC ] 2'.11 1.6% .30
€ x Son/SC Y6 14.9%
Fxt o @.a%N *.04 001
Fxixs n 20.949 1.48 «10
FxeExC " 1%.%@
FaExs$SaC 41 15.491 1.2
P aEn Sow/iC 1188 13.684%

To foacilitate interpretation of the ecxperience x strength inter-
action (p < ,001), weon prediction scores for all pattern forws acrosse
pericds vere plotted as » function of pattern strength 'Figure 1). The
high strength proportions reflect o slov but stesdy incresse across
periods and vise to & level vhere prediction of the stronger patterns
are matching their proportion of occurrence [ .'9)). The lov strength
potterns, on the other hand, exhibit little Indication of second-order
recegnition. (nplying that the patterns are unlearnsdle vhen the con-
ditional prodadility of their eccurrence is set at .C° or below. This
implication must be tompered. hovever by the forn s esperience inter-
action [ p e ,00)) showm (n Tadle * Interpretation of this effect may
be made by (nspection of Figure 7. It is apparent (rom Figure 7 that all
groups achieved a level of mastery of the attackeattach-attach pattern
that vas rot reached for any other pattern. In addition, this level for
AAA vas attained after ¢ trials, after vhich performance leveled off.
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The form x continuity interaction of Table 3 (p < .0l) is plotted
in Figure 3.° Note that the means for groups presented the continuous
sequences were above those of the other groups for all patterns except
rest-rest-attack whose prediction was less frequent in the continuous
groups. A further isolation of the rest-rest-attack pattern is shown in
Figure 4 which traces the patterns across levels of continuity as a
function of pattern strength. Here, it is apparent that the decrement
in predicting the rest-rest-attack pattern occurred only at low strength,
although the form x strength x continuity interaction was not significant
(p < .08).

In summary, while form, strength. continuity, and experience all had
significant effects on the proportion of predictions of the stronger pat-
tern, each of these effects was involved in one or more interactions.

The form x experience interaction is interpreted as a tendency for attack-
attack-attack to be recognized better than any other pattern across the
ten 100-trial periods of the experiment. The strength x experience inter-
action is interpreted as a tendency for all patterns to be better learned
in the high than in the low strength conditions across periods. Finally,
the continuity x form interaction is interpreted as due to the tendency
for three of the four second-order patterns to be better recognized in

the continuous than in the discrete sequence, while the fourth pattern,
rest-rest-attack, was better recognized {n the discrete sequence.

Confidence Data

The dependent variable used to estimate confidence was the propor-
tion of time the subject indicated a high rather than a low confidence.
Table 4 is a summary of the results of an analysis of variance performed
on these data. The analysis did not yield as many significant effects
as the analysis of prediction data, but the significant effects which
resulted complement those of the analysis of predictions.

Neither the main effect of strength nor that of continuity vas
significant, indicating that confidence in the correctness of choice was
not affected by pattern strength or continuity. As indicated by the
significant effect of experience 'p < .001), confidence increased across
periods. This finding is not surprising, since subjects displayed in-
creased skill i{n pattern prediction across periods.

The main effect of form 'p < .71 agrees vith the prediction
analysis in that degree of confidence expressed by subjects reflected
the same ordinal relationship as pattern predictions. This relationship
say be observed in Table ~ vwhich presents data combined across periods,
strengths and continuity levels. The conclusion drawn fronm these data
is that subjects experienced varying amounts of difficulty {n mastering
each pattern form.
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Table 4

ANALYSIS OF VARIANCE SUMMARY TABLE ON CONFIDENCE DATA

Source df MS F P
Between Subjects (47)
Strength (8) 1 117.513
Continuity (C) il 555.TT5
S xC 1 22,750
Ssw/SC 44 1116.791
Within Subjects (1872)
Form (F) 3 814.124 T.72 .001
FxS ] 231.178 2.19 .10
FxC 3 258.904 2.46 .10
FxSxC ) 68.9%5
F x Ssw/SC 132 105.401
Experience (E) 9 185.964 6.40 .001
ExS 9 12.919
ExC 9 19.3%09
ExSxC 9 26.203%
E x Ssw/SC 396 29.070
F xE 27 9.163 1.00
FxExS 27 10.596 1.16
FxExC 27 9.438 105
FxXxExSxC 27 7.807
F x E x Ssw/SC 1188 9.156
Table 5

COMPARISON OF AVERAGE PREDICTION AND CONFIDENCE FOR EACH PATTERN FORM

Pattern Form

AAA ARR RAR RRA

Prediction 7% 524 58% 6%

High Confidence % | 61% 64% 68%
s 9 -




CONCLUSIONS

The present study provides some insights into the ability of deci-
sion makers to perceive patterns in a series of events. A very simple
pattern such as repetition of the same event is easily recognized at high
and low frequencies of occurrence. More complex patterns require a fre-
quency of occurrence greater than 68% before they will be perceived.
Finally, pattern recognition depends a great deal on the amount of con-
tinuity in the event sequence. Patterns are better recognized when they
occur continuously over time than when they occur in discrete units.

IMPLICATIONS OF FINDINGS

Two implications derive from the present study: Man is capable of
learning second-order military event patterns when they occur with a fre-
quency of 80% or higher. Subjects exposed to the high strength patterns
initially predicted their occurrence only 60% of the time (Figure 1), but
by the conclusion of the experiment were predicting the second-order pat-
terns as frequently as they were occurring, 80%. Thus, if the event pat-
terns are of this strength, complex automated systems are likely to add
little to performance in terms of pattern recognition. This implication
was also drawn by Howell (9). On the basis of the results of several
command and control system simulation experiments, Howell stated that
systems which habitually handle predictive data of high strength have
little to gain from automating the decision process.

In situations in which the patterns are of low strength, however.
computer aids would be quite helpful. The present findings indicate
that persons are unable to recognize three of four patterns occurring at
68% strength. Only one pattern, attack-attack-attack. was recognized at
this strength level. Thus, subjects were not able to take advantage of
a considerable amount of predictability present in the cvent sequence.
It may well be that many enemy activity patterns would occur at a low
strength level to capitalize on man's difficulty in recognizing weak
patterns. Computers could be programmed to perform many complicated
statistical analyses on enemy events and to detect weak but significant.
patterns in an apparently random set of enemy actions.
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s part of the contimuing effort to provide research informatica vhich will
facilitete maximum operations effectiveness within cosmand information processing eys-
tems, the TACTICAL OPERATIONS SYSTEM (T0S) Work Unit undertook e study of perception of
military event patterns. The focus of the study vas the recognition of complex cues to
enemy sction, Objectives of the {nvestigation, reported in the present lication, ver
to determine the role cf 1) different forms of second-order patterns, 2) second-order
pattern strength, 3) continuity, and 4) experience as factors in the recognition of
second-order patterns. In the experiment, 4£ enlisted men viewed sequences of military
events representing eight patterns (fon). high and lov pattern strength, coatinuous vs
discrete occurrence, and experience (from one to ten 100-trisl periods) presented in
systematic design on CRT screens. The sudbjects participated in tvo experimental session
each consisting of five 100-trial periods with 10-minute interval breaks. EBuch man
worked individually and was self-paced. The men indicated wvhich of two enemy activities,
A(ttack) or R(est), was likely to follow each two previous events. They also responded to
indicate confidence in their decisions, Findings showed that given event patterns occur-
ring with high frequency (80% of the time), the decision maker learned to predict the
third sequential event as often as {t occurred. However, under conditions of less fre-
quent pattern occurrence (68 or less of the time), pattern recognition did not occur:
Only one second-order pattern was predicted as often as it appeared. -Confidence in pre-
dicted decisions was affected by increase in experience and pattern form but not by pat
tern strength nor continuity. It appears from the present findings that tentative limit
are set on second-order military pattern recognition. Men can perceive strong second-order
patterns, Computer aids would be quite helpful, hqwever, ip situstions wvheremilitary event
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